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Abstract:  A hybrid reasoning model was proposed in which CBR (case-based reasoning) was applied to the 
conceptual design and RBR (rule-based reasoning) was applied to the detailed design after research of the 
design process and domain knowledge of the aero-engine turbine blade investment casting mold design ﬁ  eld. In 
the conceptual design stage, the representation and retrieval technologies were researched which improve the 
retrieval efﬁ  ciency. Meanwhile, RBR was used to modify the retrieval result. The experimentation shows that the 
approach in this study can be used to obtain a more satisfactory design result.
Key words:  turbine blade; investment casting mold; intelligent design; CBR; RBR
CLC number: TP391.7                    Document code: A                  Article ID: 1672-6421(2009)01-020-04  
A
s one of the key parts in high performance aero-engines, 
hollow turbine blades were called “the diamonds in the 
crown”, and their design and manufacturing technology is 
one of the key technologies in the manufacturing process of 
aero-engines. The most important tool in the manufacturing 
process of turbine blades, the investment casting mold, has 
characteristics such as a complex structure, a long design time, 
and being hard to manufacture. The conclusion that the design 
and manufacture of investment casting molds have became one 
of the “bottle necks” which restrict the development of aero-
engines was prompted after the research of the investment 
casting ﬁ  eld.
Through the research of the design process and domain 
knowledge of the aero-engine turbine blade investment casting 
mold design field, a reasoning model based on CBR and 
RBR is proposed in this paper, in which CBR (case-based 
reasoning) is applied to the conceptual design and RBR (rule-
based reasoning) is applied to parts design. A uniﬁ  ed design 
result is achieved by matching case based on the theory of 
CBR; and if this cannot ﬁ  nd a satisfactory result or the result 
is not similar to the new problem, RBR is used to create a new 
solution or to modify the search result. The method proposed 
in the paper integrates CBR and RBR to achieve the goal of 
intelligent design.
1 Investment casting mold design process
It is necessary to have an overview before proposing the 
intelligent design method in this study. In the traditional design 
process, the steps are as follows:
(1) A blank model was achieved by adding allowance to the 
model of the turbine blade;
(2) A process model was achieved by adding process 
structures to the blank model;
(3) A cavity model was achieved by adding casting 
shrinkage to process model;
(4) Based on the cavity model, the cavity block was 
achieved;
(5) Split the cavity block and get the mold parts;
(6) Design the lock and lift structures of the mold.
The design process of investment casting mold was as 
shown in Fig. 1.
2 Hybrid reasoning model
Usually, a mold designer will compare a new arrival mold to 
the old molds and select the most similar mold as the initial 
structure of the new one. The following work is to check 
the initial plan and to modify the parts of the mold to get a 
satisfactory ﬁ  nished one. 
In the intelligent design process of an investment casting 
mold, it is impossible to achieve a satisfactory result through 
one reasoning model. So we integrated the advantages of 
CBR 0 and RBR 0 in the intelligent design system, a hybrid 
reasoning model, 0 is proposed in this paper. The advantage of 
this model is that it is in accordance with the human thinking 
process, and can describe the real design process.
In the conceptual design phase, the new problem is 21
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Fig. 1 The design process of investment casting mold
Fig. 2 CBR-RBR reasoning model
compared to the case base and the most similar 
case was picked out as the initial mold using 
the method of CBR. Then RBR was applied to 
modify the parameters of detail structures in order 
to achieve a satisfactory result. Of course, if a 
similar case cannot be found in the case base, we 
can use RBR to design a totally new mold. The 
method of hybrid reasoning makes up the defect 
of CBR that it cannot modify the case, and using 
RBR to modify the parameters of the mold and 
increase the intelligent design. The process of this 
method of designing the mold is shown in Fig. 2.
3 Case-based reasoning 
3.1 The principle of CBR
The philosophy of CBR is using previous 
cases to interpret or to solve a new problem. 
There are many advantages of CBR over RBR 
which is the method adopted by most current 
KBS for development control. The knowledge 
convincing and acceptable to planners.
3.2 Case structure
The object we researched in this paper is an assembly product, 
and can be partitioned to many function modules which 
were formed with a set of parts. According to the structure 
characteristic, a mold can be divided as a set of sub-structures 
each of which has its own parameter and property. The case of 
representation scheme of CBR is better than rule-based 
reasoning in recording and representing knowledge that is 
hard to express with explicit rules or is very case-speciﬁ  c. It 
can overcome the problems with black box inference process 
of rule-based reasoning. CBR can simulate the working style 
of a planner in dealing with development applications which 
is based on his/her knowledge of past application records. 
The results derived directly from real cases in CBR are more 
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mold can be described as the following expression:
3.3 Case retrieval
The more cases there are in the case base, the better will be 
the case based reasoning system, but, the more cases, the 
more retrieval, and the lower the retrieval efficiency might 
be. So, retrieval efﬁ  ciency arithmetic is very important. Focus 
on the investment casting mold retrieval, a design case can 
be expressed by two vectors: the goal vector P=(p1, p2,… pn), 
which is the demand and goal of the mold design and the 
key vector R=(r1, r2,… rn), which is the case in the case base. 
When the system executes CBR, and supposing the case in the 
case base as C and the mold design goal as X, if the similarity 
between X and C which is expressed as S=f(Pc, Px)≥d, in 
which d is the threshold of similarity, then we can say X is 
similar to C and C is the answer provided by CBR.
In this paper, a nearest neighbor search algorithm was used 
to retrieve case, the principle of this method is assign a weight 
to every feature of the case and then match the case in the case 
base by inputting the parameter.
4 Rule-based reasoning
4.1 The principle of RBR
Production Rules is the most important knowledge 
representation method and it represents the knowledge in 
the way of “precondition-result”, the Backus normal form of 
production rules can be deﬁ  ned as follows:
<predication>::=<predication name> [<variable>,.]
<operation>::=<operation name>[<variable>,…]
<precondition>::=null|<predication>
<metaresult>::=<predication>|<operation>
<result>::=null|<metaresult>
< production>::=<result> ← <precondition>
<production system>::=<production>,…
The principle of RBR is shown in Fig. 3. 
Fig. 3 The principle of RBR
Fig. 4 The soleplate of mold
<production system>::=<soleplate feature> ← <the core 
module dimension>
<soleplate>::=<the core module dimension>| <relation dimension>
<soleplate feature>::=<the core module>| <operation>
<relation dimension>::=<space relation>AND <dimension relation>
<dimension relation>::=<soleplate long=2*core module long; 
soleplate  wide=4/3*core module wide;  soleplate high=30>
<space relation>::=<x=x-30; y=y-core wide/6; z=z-2*core long/3>
4.3 Reasoning process
Based on the rule representation method, the rule solving 
technology was proposed and its reasoning process is as 
follows:
(1) Initialize the rule base and input the initial parameters of the 
mold;
(2) Search for the rule in which precondition is matched to the 
initial parameters. If found, then go to (3), if not, then go to (5);
(3) If the result of the rule which was found in (2) was a 
conclusion, then add the conclusion to the design database, or if 
the result of the rule is an operation, then execute the operation, 
and mark the rule;
(4) Check and ﬁ  nd out if the solution is in the design database, if 
yes, then end the solving process, if no, then go to (2);
(5) Ask for more investment casting mold design information. If 
yes, go to (2), if not end the program;
(6) If all the rules in the base were used, then end the program.
5 Applications
Based on the Secondary Development of UG platform, a 
prototype design system and assistant tools were developed. 
An investment casting mold was designed with the support 
of this system to verify the design ability, robustness and 
efﬁ  ciency. The practical application results indicate that this 
system shortened the mold design time by 80 %, the mold 
testing time by 60 % and the cost by 50 %. 
First, based on the dimensions of the mold cavity, CBR was 
used to conception design (Fig. 5 (a)). Second, RBR (Fig. 5 (b)) 
was used to check and modify the parts. Finally, an investment 
casting mold was built (Fig. 5 (c) and (d)). On the other hand, 
the application also revealed some issues or problems for this 
system, such as some mold design results are not satisfied 
because of a lack of expert knowledge base. We think the issue 
can be solved by extending the expert database.
6 Conclusions
Through the research of knowledge in the ﬁ  eld of investment 
casting mold design, a hybrid reasoning method based on CBR 
and RBR was proposed which has a great advantage compared 
to a single reasoning method and is a new scheme to achieve 
the goal of intelligent design. The prototype design system 
was developed based on secondary development of UG. The 
design example, which was shown in Fig. 5, indicated the 
design ability of this system.
4.2 Production Rules sample
A production rule reasoning example is given which shows the 
design process of a soleplate of an investment casting mold, 
which is shown in Fig. 4.23
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Fig. 5 Mold design example
(a) CBR design process
(c) The assembled mold (d) The manufacturing process of the mold
(b) RBR design process